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[57] ABSTRACT 
A semiconductor integrated circuit device is supplied 
with internal circuit operating voltage and/or internal 
circuit ground potential from the outside through a 
unidirectional element, and the device is provided with 
a unidirectional element disposed so as to pass current 
?owing from a circuit internal ground potential point 
toward an input and/or output terminal and/or a unidi 
rectional element disposed so as to pass a current flow 
ing from the input and/or output terminal toward an 
internal circuit operating voltage point. According to 
the above, signals supplied to the input and/or output 
terminal can be enlarged without being restricted by the 
level of the internal circuit operating voltage and/or the 
internal circuit ground potential by virtue of the switch‘ 
ing function of the unidirectional elements. 

55 Claims, 5 Drawing Sheets 
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INTEGRATED CIRCUIT FOR HIGH SIDE 
DRIVING OF AN INDUCT IVE LOAD 

This application is a continuation of application Ser. 
No. 331,950, ?led Apr. 3, 1989, now abandoned. 

BACKGROUND OF THE INVENTION 

The present invention relates to a semiconductor 
integrated circuit and, more particularly, to a technique 
effectively applied, for example, to an output circuit 
designed to drive an automotive inductive load by the 
use of an output MOSFET in the form of a source 
follower. 
One example of power output circuits for driving 

inductive loads is disclosed in a magazine entitled Elec 
tronic Technology, November 1987, pp. 22-25. This 
power MOSFET is constructed such that the source is 
grounded and the drain is connected with an inductive 
load such as a motor or the like. This is known as a low 
side power switch. 
Power output circuits for use in automobiles, e.g., 

those used for solenoids employed for electronic fuel 
injection, are preferably arranged as a high side switch 
with a power output switch element connected to the 
power supply voltage side, while a load is connected to 
the circuit ground potential side. This is because, if a 
load is connected to the power supply voltage side, 
when the load is grounded due to a collision or the like, 
an overcurrent may ?ow through the load to lead to a 
?re. 
There is a trend to reduce the physical size of devices, 

such as the MOSFET, Which decreases the threshold 
voltage, which, in turn, increases turn-off time. 

SUMMARY OF THE INVENTION 

As a part of the present invention, it is important to 
analyze problems in such circuits. 

In a source follower, high side switch circuit such as 
that shown in FIG. 9, output MOSFET Q1 can be 
changed from the on-state to the off-state by turning on 
driving MOSFET Q2 (input signal of FIG. 10 going 
high) and bringing the gate of the output MOSFET Q1 
to a low level, such as a circuit ground potential. How 
ever, since counter electromotive force is generated in 
load L in switching to the off state, the source potential 
of the output MOSFET Q1 becomes negative with 
respect to the gate of Q1. When this negative potential 
reaches the substantial threshold voltage Vth of the 
output MOSFET Q1, the MOSFET Q1 turns on again, 
thus clamping the Vth potential at the output terminal 
OUT, as shown in FIG. 10. Here it should be noted that 
the turn-off time T of Q1, for example, is inversely 
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proportional to the absolute value of the magnitude of 55 
the drop in the output voltage below zero. Since the 
absolute value of the threshold voltage Vth is relatively 
small, a great deal of time is needed to release the en 
ergy stored in the load L, so that the time T required for 
the output MOSFET to be practically switched to the 
off-state is lengthened by the time T. This involves the 
problem that, when the load L is driven by means of a 
pulse-duration modulation signal, if time needed to 
reach the off-state is lengthened by the above-described 
counter electromotive force period T, the pulse-width 
duty of the pulse-duration modulation signal is re 
stricted and the controllable range is narrowed corre 
spondingly. 

65 
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In addition to the output circuit ofthe type described 

above, an input circuit that comprises a PNP transistor 
T1, such as that shown in FIG. 11, also has a problem. 
When an input signal supplied to input terminal IN 
becomes a negative voltage, diode D3 present on the 
ground side of the structure of the PNP type of transis 
tor comes into the on-state to clamp the negative input 
signal and, at the same time, the current that flows at 
that time may cause a malfunction of the internal cir 
cuit. For example, a signal formed by a fly-back trans 
former in a television receiving circuit becomes a nega 
tive voltage; therefore, employment of an input circuit 
of the type described above may cause a malfunction. 

In the conventional semiconductor integrated circuit 
devices, the operating voltage and ground potential of 
the circuit are primarily determined by a low-imped 
ance power supply provided either outside or inside the 
circuit and therefore, when the voltage becomes higher 
than the operating voltage or lower than the circuit 
ground potential as viewed from the input or output 
terminal, the operation is not guaranteed. 

It is an object of the present invention to provide a 
semiconductor integrated circuit device designed so 
that it is possible to reliability enlarge the dynamic 
range of a signal as viewed from an input and/or output 
terminal. 
The following is a brief summary of a typical one of 

the inventions disclosed in the - present application. 
Namely, a semiconductor integrated circuit device is 
supplied with internal circuit operating voltage and/or 
a internal circuit ground potential from the outside 
through a unidirectional element, and the device is 
provided with a unidirectional element disposed so as to 
pass current ?owing from a circuit internal ground 
potential point toward an input and/or output terminal 
and/or a unidirectional element disposed so as to pass a 
current ?owing from the input and/or output terminal 
toward an internal circuit operating voltage point. 
According to the above, signals supplied to the input 

and/or output terminal can be enlarged without being 
restricted by the level of the internal circuit operating 
voltage and/or the internal circuit ground potential by 
virtue of the switching function of the unidirectional 
elements. 

It is also an object to decrease the switching time of 
devices such as the MOSFET, by using external energy, 
for example, from an inductive load, as a result of the 
increased output range. Currently, smart type (with 
active internal circuits) MOSFET power switches are 
not used in many applications because they are too 
slow. 

It is a further object to provide a reliable high side 1C 
power switch. It is particularly desirable to maintain the 
system ground and isolation layer in such a device at the 
lower circuit potential to prevent parasitic effects. 

BRIEF DESCRIPTION OF THE DRAWINGS 

' The above and other objects and novel features of the 
present invention will become apparent from the fol 
lowing description taken in conjunction with the ac 
companying drawings. - 
FIG. 1 is a circuit diagram showing a portion of one 

embodiment of the present invention; 
FIG. 2 is a waveform chart employed to describe the 

operation of the embodiment; 
FIG. 3 is a circuit diagram showing another portion 

of the embodiment of the present invention: 
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FIG. 4 is a block diagram of the embodiment that 
shows the general concept of the present invention; 
FIG. 5 is a circuit diagram ofa variation of FIG. 3; 
FIG. 6 is a block diagram showing a further embodi 

ment of the present invention; 
FIG. 7 is a sectional view showing the structure of 

one example of the circuit shown in FIG. 1; 
FIG. 8 is a sectional view corresponding to that 

shown in FIG. 6; 
FIG. 9 is a circuit diagram showing one example ofa 

source follower output circuit; 
FIG. 10 is a waveform chart employed to describe 

the operation of the source follower output circuit 
shown in FIG. 9; 
FIG. 11 is a circuit diagram employed to describe one 

example of an input circuit; and 
FIG. 12 is a circuit diagram of a portion of FIG. 6. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

FIG. 1 is a circuit diagram of one embodiment in 
which a power output circuit according to the present 
invention is used to constitute a high-side power switch 
ing or load driving circuit (source follower circuit) for 
driving an inductive load L, such as a motor or a sole 
noid. 
The power output circuit in this embodiment is fabri 

cated in the form of a single integrated circuit IC, as 
shown by the chain line in the figure. A power MOS 
FET Q1 is arranged such that the substrate is employed 
to constitute the drain electrode on the reverse side of 
the substrate, as will be explained later with respect to 
FIG. 7 and 8. 
The drain of the power MOSFET Q1 is coupled to a 

power supply voltage Vcc. The source of the power 
MOSFET Q1 is coupled to an external terminal OUT to 
which is connected an inductive load L, such as a motor 
or a solenoid. Therefore, the power MOSFET Q1 oper 
ates as a source follower output MOSFET. 
The gate of the power MOSFET Q1 is connected 

with a driving circuit that comprises a driving MOS 
FET Q2 and a load resistor RL. The operating voltage 
of the driving circuit is a voltage Vcc-l-V obtained by 
boosting the power supply voltage Vcc by a booster 
circuit BST that adds voltage V. The gate ofthe driving 
MOSFET Q2 is supplied with a control signal IN 
through an inverter circuit N1. The operating voltage 
of the inverter circuit N1 is set lower than the above 
described power supply voltage Vcc, e.g., Vcc is 12 V 
and V IN is 5 V, preferably positive voltages. The high 
level of the control signal IN is set at 5 V to connect the 
load L to power Vcc, while the low level is set to a 
relatively low logic level, e.g., a ground potential ofthe 
circuit to disconnect the load L from the power source 
Vcc. Accordingly, the power MOSFET driving circuit 
that comprises the inverter circuit N1, the MOSFET 
Q2 and the resistor RL performs a kind of level invert 
ing operation. 

In this embodiment, the following arrangement is 
adopted in order to increase the practical switching 
speed at which the power MOSFET Q1 is practically 
switched to the off-state. Namely, an internal circuit 
ground potential GND’, internal with respect to the 1C, 
is supplied to the source of the driving MOSFET Q2 
through diode D1. More speci?cally, the internal cir 
cuit ground potential GND’ for the internal circuit of 
the IC is higher than the external ground potential 
GND by an amount corresponding to the forward volt 
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4 
age of the diode D1. This internal ground potential 
GND’ is also employed as ground potential for the 
inverter circuit N1 and the booster circuit BST. Fur 
ther, diode D2 is provided to pass current from the 
internal circuit ground potential GND’ to the output 
terminal OUT in order to enlarge the dynamic range on 
the negative polarity side at the output terminal OUT, 
i.e., to prevent the output MOSFET Q1 from being 
brought into the on-state again by the counter electro 
motive force generated in the load L. 
For example, when the control signal IN is at the 

high level to connect load L, the output signal from the 
inverter circuit N1 is at a low level. such as the circuit 
ground potential GND’. In response to the fall of the 
inverter circuit N1 output signal to the low level, the 
driving MOSFET Q2 is brought into the off-state, so 
that current no longer passes through RL to drop the 
supply voltage and therefore the gate of the power 
MOSFET Q1 is supplied with boosted operating volt 
age Vcc+V through the resistor RL. With Q2 now off, 
no current ?ows through RL and therefore RL drops 
no voltage. The boost voltage +V that is formed in the 
booster circuit BST is set so as to be equal to or higher 
than the substantial threshold value of the MOSFET Q1 
so that Q1 will stay on when its source voltage is Vcc. 
Accordingly, when the MOSFET Q1 is in the on-state, 
the power supply voltage Vcc is the output from the 
source of the MOSFET Q1 and therefore it is possible 
to obtain a high output voltage Vcc without a voltage 
loss, as shown in the waveform chart of FIG. 2. In such 
a steady-state operating condition, the diode D2 is re 
verse-biased and therefore in the off-state, so that it is 
possible to obtain the above-described output signal 
Vcc at the OUT terminal. 
When the control signal IN is switched over from the 

high level to the low level, the output signal from the 
inverter circuit N1 is raised to a high level, thus bring 
ing the driving MOSFET Q2 into the on-state dropping 
voltage across RL. In consequence, the gate and source 
of the power MOSFET Q1 are shorted through D2 and 
therefore the power MOSFET Q1 is switched over 
from the on-state to the off-state as shown in FIG. 2. At 
this time, counter electromotive force is generated in 
the load L, causing the output terminal OUT connected 
with the source of the power MOSFET Q1 to lower to 
a negative potential. The counter electromotive force 
causes the diode D2 to be brought to the on-state and 
also lowers the ground potential GND’ inside the IC. 
Therefore, even if the above-described counter electro 
motive force is generated, because of D1 and Q2 being 
on, the gate voltage of Q1 follows the lowering of 
GND’. The MOSFET Q2 is maintained in the on-state 
by the high level of the output signal from the inverter 
circuit N1, so that the output MOSFET Q1 is left in the 
off-state. In other words, there is no fear of voltage at 
the output terminal OUT being clamped in the internal 
circuit, and the operation of the internal circuit is guar 
anteed. . 

In this embodiment, a voltage clamping circuit com 
prises a diode D7 and a zener diode ZD is provided for 
the load L. Accordingly, the potential at the output 
terminal OUT at the time when the output MOSFET 
Q1 is switched to the off-state is a high negative voltage, 
i.e., —(VD3+VZD), as shown in the waveform chart 
of FIG. 2. VD3 is the forward voltage of the diode D7, 
while VZD is the zener voltage of the zener diode ZD. 
By setting the absolute value of the above-described 
clamp voltage at a high level, the energy stored in the 
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inductive load L can be released within a short period 
of time. As noted above, the time T is inversely propor 
tional to this voltage. Thus, it is possible to enlarge the 
controllable output signal range, particularly where 
MOSFET Q] is controlled by a pulse modulation sig 
nal. FIG. 12. Thus the external energy of the inductive 
load is used to increase switching speed. 
FIG. 3 is a circuit diagram of another portion of the 

one embodiment applied to an input circuit that em 
ploys a PNP transistor as an active component of the 
internal ‘circuit. 

In this embodiment, an IC internal circuit is supplied 
with ground potential through diode D1. In order to 
enlarge the dynamic range on the negative polarity side 
at input terminal IN, a diode D3 is added to pass current 
from the internal ground potential GND’ toward the 
input terminal IN. In this arrangement, when a signal 
supplied to the input terminal IN becomes negative in 
polarity, the diode D3 turns on to lower the internal 
ground potential GND’ in accordance with the level of 
signal applied to the input terminal IN. Thus by a diode 
and the like provided in the internal circuit, it is possible 
to enlarge the input dynamic range of the input signal 
below the ground potential GND without a fear that 
the signal applied to the input terminal IN will be volt 
age-clamped. In this case, the ground potential GND’ 
lowers in accordance with the lowering of the input 
signal and therefore the operation of the internal circuit 
is guaranteed. 
FIG. 4 is a block diagram showing the general con 

cept of the present invention, with the lower right hand 
quadrant corresponding to FIG. 1 and the lower left 
hand quadrant corresponding to FIG. 3. 

This figure shows a general technique of enlarging 
the dynamic ranges of the input and output of an active 
internal circuit, for example, an ampli?er circuit AMP, 
formed in a semiconductor integrated circuit, respec~ 
tively on the negative polarity side below a ground 
potential and on the positive polarity side above a 
power supply voltage Vcc. 
More specifically, a circuit internal ground potential 

GND’ and an internal operating voltage Vcc’ vare sup 
plied through respective diodes D1 and D4. Therefore, 
the level ofthe ground potential GND’ is higher than of 
external ground potential GND by an amount corre 
sponding to the forward voltage of the diode D1. The 
level of the internal operating voltage Vcc’ is lower 
than external power supply voltage Vcc by an amount 
corresponding to the forward voltage of the diode D4. 
In order to enlarge the input dynamic range on the 
negative polarity side below the ground potential 
GND, a diode D3 is provided between the internal 
ground potential GND’ and input terminal IN to pass 
current from GND’ toward IN. In order to enlarge the 
output dynamic range on the negative polarity side, 
diode D2 is provided between the internal ground po 
tential GND’ and output terminal OUT to pass current 
from the GND’ toward OUT. 
On the other hand, in order to enlarge the input dy 

namic range on the positive polarity side above the 
power supply voltage Vcc, a diode D6 is provided 
between the input terminal IN and internal operating 
voltage Vcc’ to pass current from the input terminal IN 
toward Vcc’. In order to enlarge the output dynamic 
range on the positive polarity side above the power 
supply voltage Vcc, a diode D5 is provided between the 
output terminal OUT and the operating voltage Vcc’ to 
pass current from OUT toward Vcc. 

20 

6 
In this arrangement, when the potential at the input 

terminal IN or the output terminal OUT becomes nega 
tive in polarity, the internal ground potential GND’ is 
also lowered in response to the lowering in potential at 
the input terminal IN or the output terminal OUT by 
the function of the diode D3 or D2, respectively in 
cooperation with diode D1. Conversely, when the po 
tential at the input terminal IN or the output terminal 
OUT becomes higher than the power supply voltage 
Vcc, the internal operating voltage Vcc’ is raised in 
response to the rise in potential at the input terminal IN 
or the output terminal OUT by the function of the diode 
D6 or D5 respectively in cooperation with diode D4. 
Thus, in the active internal circuit, e.g., ampli?er circuit 
AMP of this embodiment, when the potential at either 
the input terminal IN or the output terminal OUT ex 
ceeds the ground potential GND or the power supply 
voltage Vcc in terms of absolute value, the internal 
ground potential or the internal operating voltage 
changes in response to the change in potential at the 
input terminal IN or the output terminal OUT, respec 
tively, and therefore it is possible to guarantee the oper 
ation of the internal circuit while enlarging the dynamic 
range of the input or output signals respectively. 
FIG. 5 is a circuit diagram of a variation of FIG. 3. 
Referring to the ?gure, internal ground potential 

GND’ for a semiconductor integrated circuit IC is sup 
plied through the base and emitter of transistor T2 em 

' ployed in place of or acting as the above-described 
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diode D1. A transistor T3 is disposed between input 
terminal IN and internal ground potential GND’ to 
utilize its'base and emitter in place of or acting as the 
diode D3. In this arrangement, it is possible to detect a 
terminal that has the lowest potential by supplying the 
transistors T2 and T3, functioning as sense transistors, 
with collector currents I52 and 151 as sense currents, 
respectively. For example, when the collector current 
152 of the transistor T2 is ?owing, the terminal that 
supplies the ground potential GND has the lowest po 
tential, whereas, when the collector current 151 of the 
transistor T3 is ?owing, the input terminal IN has the 
lowest potential. If each terminal is provided with a 
transistor such as the transistor T3, it is possible to de 
tect a terminal that has the lowest potential among a 
plurality of terminals. That is, in a like manner, transis 
tors could also replace diodes D2, D5, D4, D6 in FIG. 
4. This arrangement can also be utilized for feedback or 
the like, for example with internal logic for a smart type 
of MOSFET power switch. 
FIG. 6 is a block diagram of a further embodiment of 

the present invention. 
In this embodiment, a circuit formed in a semiconduc 

tor integrated circuit IC is divided into a plurality of 
blocks CB1, CB2 and CB3. The circuit blocks CB1, 
CB2 and‘CB3 are supplied with ground potential from 
an external terminal through diodes D1", D1’ and D1, 
respectively. A diode D3 described above is provided 
between input terminal IN through which an input 
signal is supplied to the internal ground of circuit block 
CB1. A diode D2 described above is provided between 
an output terminal OUT through which an output sig 
nal is delivered from the internal ground potential of 
circuit block CB3. In this arrangement, when the input 
terminal IN is brought to a negative potential, the inter 
nal ground potential for the circuit block B1 corre 
sponding thereto follows the change in potential at the 
input terminal IN, while the separate internal ground 
potentials for the other circuit blocks CB2 and CB3 can 
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be supplied through the respective diodes D1’ and D1. 
Therefore it is seen that the present invention is applica 
ble to a plurality of separate internal ground potentials 
and similarly to a plurality of separate internal operating 
voltages. On the other hand, when the output terminal 
OUT is brought to a negative potential, the internal 
ground potential for the circuit block CB3 correspond 
ing thereto follows the change in potential at the output 
terminal OUT, while the internal ground potentials for 
the other circuit blocks CB] and CB2 can be supplied 
through the'respective diodes D1” and D1’. It is possi 
ble with this arrangement to obtain a semiconductor 
integrated circuit having a circuit block CB2 indepen 
dent of the level of the input voltage or output voltage 
while still employing the advantages of diodes D2 and 
D3 for circuit blocks CB3 and CB1. 
FIG. 7 is a sectional view showing the structures of 

the MOSFET Q1 and diodes D1, D2 in the circuit 
according to the embodiment shown in FIG. 1. 
The power MOSFET Q1 employs an N-type sub 

strate as its drain region. Accordingly, a drain electrode 
D is provided on one side of the substrate. The drain 
electrode D is supplied with a power supply voltage 
Vcc. A P-type channel region of the power MOSFET 
Q1 is formed in a ring-like shape in the surface of the 
other side of the substrate opposite drain electrode D. A 
ring-shaped N-type source region is similarly formed in 
the surface of the P-type channel region. A gate elec 
trode G is formed through a gate insulator on the sur 
face of a channel region sandwiched between the source 
region and the substrate serving as the drain region. The 
source and channel regions are mutually connected to 
constitute a source electrode S. Thus, the driving cur 
rent of the MOSFET Q1 flows vertically through the 
substrate. 
The power MOSFET Q1 and the above-described 

other elements are formed on the same substrate. There 
fore. a P-type isolation region (ISO) is formed in the 
N-type substrate and the above-described circuits are 
formed while being isolated from each other by the 
P-type isolation region ISO. For example, a transistor 
connected in the form of a diode is employed as the 
diode D1. More specifically, and N-type collector re 
gion is formed within the P-type isolation region ISO, 
while a P-type base region is formed within the collec 
tor region, and an N-type emitter region is formed 
within the base region, thereby constituting an NPN 
type transistor. The P-type region serving as the base 
and the N-type region serving as the collector are con 
nected together to use the transistor as a diode. The 
N-type emitter region that functions as the cathode of 
the diode D1 is supplied with a circuit ground potential 
GND through an external terminal. The base and col 
lector regions. which are mutually connected to func 
tion as the anode, are connected to a point to apply a 
bias voltage to the P-type isolation region ISO and to 
internal ground potential GND’ of the circuit. The base 
and collector regions mutually connected to serve as 
the anode are further connected to the anode of the 
diode D2. The diode D2 is formed using a transistor 
having a structure similar to the above. More speci? 
cally, the base and collector of the transistor are ‘mutu 
ally connected to constitute a diode D2 and are con 
nected to the base and collector of the diode D1, which 
function in combination as the anode electrode. The 
emitter of the transistor that constitutes the diode D2 
functions as the cathode electrode and is connected to 

' the source S of the MOSFET Q1. 
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In this type of semiconductor structure, a large para 

sitic diode is present between the isolation region ISO 
and the substrate, as schematically shown as DP. How 
ever, even if the power supply voltage terminal Vcc 
and the circuit ground potential GND are reversly 
connected, that is. even ifa ground potential is applied 
to the terminal Vcc and a voltage, i.e., +12 V, is ap 
plied to the terminal GND, no overcurrent that would 
destroy the elements flows through this parasitic diode 
DP since the diode D1 is inserted. Accordingly, the 
semiconductor integrated circuit device of this embodi 
ment is suitable for a power switching circuit mounted 
on an automobile. This is because it often happens that, 
when it becomes impossible to start the engine of an 
automobile due to the battery being weak, the battery is 
connected with the battery mounted on another auto 
mobile to thereby start the engine, and. in such case, 
there is a strong possibility that the two batteries may be 
reversly connected through a cable. Even if such re 
verse connection is made, there is no fear of the ele 
ments being destroyed in the above-described semicon 
ductor integrated circuit device. 
FIG. 8 is a sectional view showing a plurality of 

blocks provided in a semiconductor integrated circuit in 
the same way as in FIG. 6. More specifically, two isola 
tion regions 1501 and ISO2 are provided on a semicon 
ductor substrate. For example, if the isolation region 
1801 is provided with an input terminal IN as in the 
case of the circuit block CB1 shown in FIG. 6, diodes 
D3 and D1” are formed by making use of the transistor 
structure in the same way as the diodes D2 and D1 for 
FIG. 7 above, thereby supplying an internal ground 
potential GND’ and providing connection between the 
ground potential and the input terminal IN. If the other 
isolation region ISO2 is provided with an output termi 
nal OUT as in the case of the circuit block CB3 shown 
in FIG. 6. diodes D1 and D2 having a similar structure 
are formed, thereby supplying the internal ground po 

‘tential GND’ and providing connection between the 
ground potential and the output terminal OUT. 
The above-described isolation regions 1502 and 

ISO] are supplied with the internal ground potential 
GND’ through the diodes D1 and D1”, respectively. In 
this arrangement, the potential at the isolation regions 
ISO] and 1502 change in accordance with the lowest 
potentials at the terminals IN and OUT, respectively, 
and can be maintained at the lowest potential of the 
circuit. Accordingly, it is possible to prevent operation 
of a vertical parasitic transistor (T4) formed using the 
isolation region 1501 (ISO 2) as its base. Since the 
power supply voltage Vcc is applied to the substrate, it 
is possible to prevent generation of a lateral parasitic 
transistor which uses the two isolation regions 1501 
and 1802 as its emitter and collector, respectively, and 
the substrate‘therebetween as its base. i 

It should be noted that in an arrangement wherein the 
internal operating voltage is also supplied through a 
diode as in FIG. 6, the substrate is also supplied with the 
voltage through the diode. 

In FIG. 12, you cannot use a control voltage to turn 
on gate Q3 to directly turn off Q1 because the source 
voltage of Q1 is VDD or 12 volts and the control volt 
age to the gate of Q3 is only maximum 5 volts. this is so 
because the gate to source voltage of Q3 would be 
negative and impossible to turn on Q3. Therefore, you 
need Q2 to turn on ?rst. A steep ramp in the turn off 
signal is undesirable because it would produce a lot of 
noise. Therefore, it is desirable to have a slope to the 
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turn off signal. If the slope were provided by the resis 
tor R1 together with the capacitance of Q2, the turn-off 
signal would drop off quickly and produce noise, which 
is bad, and then at the bottom of the slope it would drop 
off very slowly, which is also bad. Therefore, a square 
wave pulse is used to obtain the slope. The square wave 
pulse together with the resistor R1 and capacitance of 
Q2 will produce a stair step ramp as the slope. The slope 
of the stair step ramp may be .changed by changing the 
duty cycle of the pulse output from the AND gate. 
However, there is stray capacitance between the gate to 
grain of Q2, which together with R2 will produce a feed 
of the pulse signal to the gate of Q1, which is undesir 
able. Therefore, the diode D4 is inserted to block the 
feed to the gate of Q1. When Q2 turns on it will start to 
drop the voltage on the gate of Q1 and start to turn Q1 
off to lower the source voltage of Q1. Therefore, the 
source voltage of Q1 will ?nally get low enough so that 
the corresponding source voltage of Q3 will drop suffi 
ciently below the 5 volt control voltage passing through 
D3 so that Q3 will turn on. When Q3 turns on, it will 
provide the required short between gate to source of Q1 
to turn off Q1. The trouble with inserting the diode D4 
is that now you have a diode voltage drop of D4 plus 
D2 when gate Q2 is turned on. which would be about 
1.4 volts and close to Vth for gate to source of Q1. 
Therefore, you could not reliably turn off Q1 using only 
Q2. That‘s why you must also have Q3. The Zener 
diodes from gate to source for each of Q2 and Q3 are 
provided to prevent destruction respectively of Q2 and 
Q3. That is, if the inductive load going off were to pull 
the output voltage far below zero there could be exces 
sive voltage from‘ gate to source across Q3 and Q2. The 
breakdown voltage of the Zener diodes will prevent 
this. 
The diode D3 is provided to prevent a high voltage at 

the output terminal, for example 12 volts, from feeding 
current from the output back to the input. The resis 
tance across the Zener diode is provided to drain off 
gate voltage when Q3 is turned off, because otherwise 
the Zener diode Q2 or Zener diode of Q3 and the diode 
D3 would prevent voltage from dissipating. 
The foregoing embodiments provide the following 

advantageous effects: 
(1) A semiconductor integrated circuit device is sup 

plied with an operating voltage and/or a circuit ground 
potential from the outside through a unidirectional ele 
ment, and the device is provided with a unidirectional 
element disposed to pass current from an internal 
ground potential point toward an input and/or output 
terminal and/or a unidirectional element is disposed to 
pass current from the input 'and/ or output terminal 
toward an internal operating voltage point, whereby 
signals applied to the input and/ or output terminal can 
be enlarged by the switching function of the unidirec 
tional elements without being restricted by the level of 
the internal operating voltage and/or the ground poten 
tial. For example, devices can be made with a negative 
side of the range of — 15 to —20 with the present inven 
tion compared with a negative range side of the range of 
—5 to -6 for the same device without the present 
invention. Therefore, the switching speed with the pres 
ent invention is three times faster than the prior devices 
using the external energy of an inductiveload, for ex 
ample. 

(2) A semiconductor integrated circuit, which consti 
tutes a high-side driving circuit, is supplied with an 
internal ground potential through a diode, and a diode is 
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inserted between the internal ground potential and a 
source follower output terminal, whereby it is possible 
to reduce the time required for an output MOSFET to 
be practically brought into the off-state. Thus, it be 
comes possible to drive an inductive load by means of a 
pulse-duration modulation signal. 

(3) By adopting an arrangement wherein a ground 
potential is supplied through a diode as in the foregoing 
arrangement (1) or (2), it is possible to improve the 
breaking strength in the case where the power supply is 
reversly connected. 

(4) A circuit formed in a semiconductor integrated 
circuit is divided into a plurality of blocks each of 
which is supplied with either an internal ground poten 
tial or an internal operating voltage through a diode, 
and a diode is provided between a circuit block and an 
external terminal that exchanges signals therewith, 
whereby it is possible to determine a lowest potential 
lower than the ground potential and a highest potential 
higher than the operating voltage for each block in 
correspondence to the level of voltage applied to the 
external terminal. It is possible with this arrangement to 
obtain a semiconductor integrated circuit having a cir 
cuit block independent of the level of input voltage or 
output voltage. . 
Although the invention has been described specifi 

cally by way of the embodiments, it should be noted 
here that the present invention is not necessarily limited 
to the described embodiments and various changes and 
modi?cations may be imparted thereto without detract 
ing from the gist of the invention. For example, in the 
embodiment shown in FIG. 4, it is possible to select one 
of various combinations of diodes D1 to D6 to be added 
in accordance with the level of voltage applied to the 
terminal IN or OUT. The arrangement may also be 
such that a plurality of power MOSFETs are provided 
on a single semiconductor substrate. In this case, in 
‘regard to power MOSFETs using the substrate as their 
drains, the arrangement of the present invention is nec 
essarily employed as a high-side driving circuit (source 
follower circuit) in which the drains are mutually con 
nected. The power MOSFET is suitable for electronic 
power switching circuits replacing conventional me 
chanical switching elements, such as driving circuits for 
driving lamps, for example, automotive head lamps, in 
addition to those for driving inductive loads such as a 
motor or a solenoid as in the case of FIG. 1. 
To arrange a low-side driving circuit, it suffices to 

employ P-channel MOSFETs as output and driving 
MOSFETs. In this arrangement, a ground potential of 
the circuit is applied to the drains of the P-channel 
MOSFETs; therefore, it is possible to form a low-side 
driving circuit with a load connected to the power 
supply voltage (Vcc) side. 
The present invention is widely applicable to semi 

conductor integrated circuit devices. 
The following is a brief description of effects ob 

tained by a typical one of the inventions disclosed in the 
present application. Namely, a semiconductor inte 
grated circuit device is supplied with an operating volt 
age and/or a circuit ground potential from the outside 
through a unidirectional element, and the device is 
provided with a unidirectional element disposed to pass 
current from an internal ground potential point toward 
an input and/or output terminal and/or a unidirectional 
element is disposed to pass current from the input and 
/or output terminal toward an internal operating volt 
age point, whereby signals applied to the input and/or 
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output terminal can be enlarged by the switching func 
tion of the unidirectional elements without being re 
stricted by the level of the internal operating voltage 
and/or the ground potential. 
While preferred embodiments along with variations 

and modi?cations have been set forth for disclosing the 
best mode and important details, further embodiments, 
variations and modi?cations are contemplated accord 
ing to the broader aspects of the present invention, all as 
set forth in the spirit and scope of the following claims. 
We claim: ‘ 

1. A semiconductor integrated circuit device com 
prising: 

a voltage external terminal; 
a ground external terminal; 
an input terminal; 
an output terminal; 
an active internal circuit operatively connected elec 

trically to all of said terminals and having an inter 
nal ground potential node and an internal operating 
voltage node; 

a unidirectional element electrically connected to 
transmit current at said internal ground potential 
node to said ground external terminal; 

a unidirectional element electrically connected to 
pass a current ?owing from said internal ground 
potential node of said internal circuit to at least one 
of said input and output terminals; and 

a unidirectional element electrically connected to 
pass a current ?owing from said internal ground 
potential node to the other of said input and output 
terminals. 

2. A semiconductor integrated circuit device accord 
ing to claim 1, wherein said unidirectional elements are 
transistors in the form of diodes. 

3. A semiconductor integrated circuit device accord 
ing to claim 1. including an isolation region isolating 
said unidirectional elements from each other and con 
nected at said internal ground potential node. 

4. A semiconductor integrated circuit device accord 
ing to claim 1, and a unidirectional element electrically 
connected to transmit current from said voltage exter 
nal terminal to said internal operating voltage node: and 

a unidirectional element electrically connected to 
pass a current ?owing from at least one of said 
input and output terminals to said internal operat 
ing voltage node. - 

5. A semiconductor integrated circuit device accord 
ing to claim 4, including a unidirectional element elec 
trically connected to transmit a current ?owing from 
the other of said input and output terminals to said 
internal operating voltage node. 

6. A semiconductor integrated circuit device accord 
ing to claim 5, wherein said unidirectional elements are 
transistors in the form of diodes. 

7. A semiconductor integrated circuit device accord 
ing to claim 5, including an isolation region isolating 
said unidirectional elements from each other and con 
nected at said internal ground potential node. 

8. A semiconductor integrated circuit'device com 
prising: 

a voltage external terminal; 
a ground external terminal; 
an input external terminal; 
an output external terminal; 
an active internal circuit operatively connected elec 

trically to all of said terminals and having an inter 
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nal ground potential node and an internal operating 
voltage node: 

a unidirectional element electrically connected to 
transmit current from said voltage external termi 
nal to said internal operating voltage node; 

a unidirectional element electrically connected to 
pass a current ?owing from at least one of said 
input and output terminals to said internal operat 
ing voltage node; and 

means, including said unidirectional elements, for 
increasing the dynamic voltage range of said at 
least one of said input and output terminals by 
permitting the internal circuit operating voltage 
node to follow the potential at said at least one of 
said input and output terminals rising above the 
voltage applied at said voltage external terminal. 

9. A semiconductor integrated circuit device com 
prising: 

a voltageexternal terminal; 
a ground external terminal; 
an input external terminal; 
an output external terminal; 
an active internal circuit operatively connected elec 

trically to all of said terminals and having an inter 
nal ground potential node and an ‘internal operating 
voltage node; 

a unidirectional element electrically connected to 
transmit current from said voltage external termi 
nal to said internal operating voltage node; 

a unidirectional element electrically connected to 
pass a current flowing from at least one of said 
input and output terminals to said internal operat 
ing voltage node; and 

a unidirectional element electrically connected to. 
transmit a current ?owing from the other of said 
input and output terminals to said internal operat 
ing voltage node. 

10. A semiconductor integrated circuit device ac 
cording to claim 9, wherein said unidirectional elements 
are transistors in the form of diodes. 

11. A high side inductive load driving circuit, to be 
connected between a voltage source and an inductive 
load, comprising: 

voltage external terminal means for connection to the 
voltage source; 

output terminal means for connection to the induc 
tive load: _ 

input terminal means for connection to a switching 
input signal; 

a ground external terminal means for connection to a 
ground common with a low side of the inductive 
load; and 

active internal circuit means operatively connected to 
said input terminal means, said output terminal 
means, said voltage external terminal means and 
said ground external terminal means for selectively 
connecting said voltage source at said voltage ex 
ternal terminal means to a high side of said induc 
tive load at said output terminal means in response 
to the switching input signal at said input terminal 
means, the active internal circuit means including 

a power transistor having a transistor output terminal 
connected to said output terminal means, a transis 
tor terminal connected to said voltage external 
terminal means, and a transistor control terminal. 

a control transistor operatively connected to said 
input terminal means for receiving said switching 
input signal as a control voltage for selectively 
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directly connecting the control terminal of said 
power transistor with the output terminal of said 
power transistor so that said switching input signal 
can be used to effectively control the power tran 
sistor, 

a semiconductor unidirectional element connected 
between said control transistor at a circuit ground 
node and said ground external terminal means to 
conduct current from said circuit ground node to 
said ground external terminal means and prevent 
damage to the circuit elements in the event that the 
supply voltage is accidentally reversely connected 
between said voltage external terminal means and 
said ground external terminal means, and 
semiconductor unidirectional element connected 
between said circuit ground node and the output 
terminal of said power transistor for conducting 
current from said circuit ground node to said out 
put terminal of said power transistor for permitting 
the circuit ground potential to drop below the 
ground potential at said external ground terminal 
means when counter electromotive force is gener 
ated at said output terminal means, due to said 
power transistor turning off the power to said in 
ductive load, for correspondingly reducing the 
voltage below external ground at the control termi 
nal of said power transistor to prevent clamping of 
voltage at the output terminal means in the internal 
circuit so that the turning off of the power transis 
tor is guaranteed, thereby increasing the external 
voltage range of said output terminal means. 

12. The circuit according to claim 11, wherein each 
of said transistors is a MOSFET. 

13. The circuit according to claim 12, constructed 
entirely as an integrated circuit on a single substrate, 
with the drain of said power transistor being the sub 
strate and the voltage external terminal means being 
directly connected to said substrate. ‘ 

14. The circuit according to claim 11, providing a 
boost voltage means between said transistor terminal of 
said power transistor and said control terminal of said 
power transistor, for supplying an added control volt 
age of a value at least substantially greater than the 
threshold voltage of said power transistor, so that the 
voltage at said output terminal means will not be sub 
stantially reduced from the voltage source at said volt 
age external terminal means. 

15. The circuit according to claim 12, including an 
external ground connected to said ground external ter 
minal means and an inductive load operatively con 
nected between said external ground and said output 
terminal means; and 

a positive supply voltage connected to said voltage 
external terminal means. 

16. The circuit according to claim 15, further includ 
ing a voltage clamping circuit connected across said 
inductive load for clamping the counter electromotive 
voltage from said inductive load when said power tran 
sistor is turned off, with the counter electromotive volt 
age thereby being clamped across the gate to source of 
said power transistor for proportionally decreasing the 
turn off time of said power transistor. 

17. The circuit according to claim 16, wherein said 
clamping circuit includes a diode connected to transmit 
current from ground to said output terminal means in 
series with an oppositely connected zener diode, so that 
the clamping voltage will be the threshold voltage of 
said diode and the zener voltage of said zener diode, so 
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that the external energy of the inductive load is used to 
increase the switching speed of the power transistor. 

18. An input circuit, comprising: 
voltage external terminal means for connection to a 

voltage source; 
output terminal means for connection to a load; 
input terminal means for connection to an input sig- > 

nal; 
ground external terminal means for connection to a 
ground external of the circuit; 

active internal circuit means operatively connected to 
said input terminal means, said voltage external 
terminal means, said ground external terminal 
means and said output terminal means, and includ 
ing an input transistor having a control terminal 
directly connected to said input terminal means; 

a unidirectional device electrically connected be 
tween the output terminal of said transistor and 
said ground external terminal means for conduct 
ing current toward said ground external terminal 
means and establishing a circuit internal ground 
node at said output terminal of said transistor; 

a second unidirectional device operatively connected 
between said internal circuit ground node and said 
transistor control terminal for conducting current 
only from said internal circuit ground node to said 
transistor control terminal; and 

said unidirectional devices together comprising 
means to enlarge the input dynamic range of an 
input signal applied to said input terminal means to 
below the external ground potential without volt 
age clamping said input signal at the input terminal 
means and thereby lowering the internal ground 
node lower than the external ground applied at said 
external ground terminal means. 

19. A semiconductor integrated circuit device, com 
prising: 

a voltage external terminal; 
a ground external terminal; 
an input external terminal; 
an output external terminal; 
an active internal circuit operatively connected elec 

trically to all of said terminals and having an inter 
nal ground potential node and an internal operating 
voltage node; 

a unidirectional element electrically connected to 
transmit current at said internal ground potential 
node to said ground external terminal; 

a unidirectional element electrically connected to 
pass a current ?owing from said internal ground 
potential node of said internal circuit to at least one 
of said input and output terminals; and means, in 
cluding said unidirectional elements, for increasing 
the dynamic voltage range of said at least one of 
said input and output terminals by permitting the 
internal circuit ground potential node to follow the 
potential at said at least one of said input and output 
terminals dropping below ground potential applied 
at said ground external'terminal. 

20. The circuit according to claim 11, wherein said 
unidirectional elements are the emitter to base terminals 
of respective‘ sense transistors; and further said sense 
transistors being means for flowing sense current be 
tween the collector and emitter of said unidirectional 
elements so that the sense current determines relative 
voltage values of said emitter to base terminals. 

21. The circuit according to claim 11, integrated on a 
single semiconductor chip, and said circuit further in 
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cluding additional active components having a separate 
second independent internal ground node connected to 
said external ground terminal means through an addi 
tional unidirectional element. so that the second internal 
circuit ground node potential does not follow a negative 
swing of voltage at said at least one input and output 
terminals. 

22. The circuit according to claim 11, completely 
formed as an integrated circuit on a single substrate; 

said power transistor being a MOSFET in source 
follower con?guration; 

said substrate being N-type, forming the drain region 
of aid power MOSFET and being directly con 
nected to said voltage external terminal means; 

a P-type region formed within said substrate'as the 
channel region of said power MOSFET, and an 
N-type source region being formed with said P 
type channel region; 

a P-type isolation region being formed within said 
substrate and spaced from said power MOSFET; 

N and P-type regions being formed within said isola 
tion region for constituting said unidirectional ele~ 
ments; 

a large parasitic diode being formed between said 
P-type isolation region and said N-type substrate; 
and 

said P-type isolation region being connected to said 
external ground terminal means only through said 
unidirectional element formed within said P-type 
isolation region so that reversal of power and 
ground supply will not produce a high ?ow of 
current through said parasitic diode. 

23. The circuit according to claim 22, wherein said 
circuit ground node is connected directly to said isola 
tion P-type region. 

24. The circuit according to claim 22, including 
a further isolation region of N-type within said P-type 

isolation region and having therein active circuit 
elements formed; and ‘ 

said P-type isolation region and N-type isolation re 
gions being directly connected together at internal 
circuit ground potential thereby preventing the 
formation of a parasitic transistor between said 
N-type substrate, P-type isolation region and N 
type isolation region. 

25. A circuit for providing high side driving of an 
inductive load. comprising: 

output terminal means for connection to the high 
voltage side of an inductive load; 

input circuit means providing a control voltage input 
signal in active on, inactive oft" form; 

supply voltage input terminal means for connection 
to an external supply voltage; 

ground terminal means for connection to an external 
ground; 

a power MOSFET having its drain connected to said 
supply voltage input terminal means and its source 
connected to said output terminal means, and hav 
ing a gate; 

?rst unidirectional means connected between said 
ground terminal means and an internal ground 
node, connected to transmit current from the inter 
nal ground node to the ground terminal means; 

second unidirectional means connected between said 
internal ground node and said power MOSFET 
source, connected to transmit current from said 
internal ground node to said power MOSFET 
source and said output terminal means; 
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?rst control transistor means connected across said 

gate and source of said power MOSFET and hav 
ing a control terminal, and operatively connected 
to providing suf?cient voltage for said power 
MOSFET gate to turn on when said ?rst control 
transistor means is turned off and reducing the 
voltage at the power MOSFET gate suf?ciently to 
turn off said power MOSFET when said ?rst con 
trol transistor means is on; 

second control transistor means operatively con 
nected between said internal ground node and said 
power MOSFET gate and having a control termi 
nal for turning on and thereby turning off said 
power MOSFET and thereby sufficiently reducing 
the voltage at the source of said power MOSFET 
that said ?rst control transistor means can turn on 
in response to said input signal; 

said input circuit means supplying the input signal to 
the control terminal of each of said ?rst and second 
control transistor means at a voltage substantially 
lower than the source voltage of said power MOS 
FET when said power MOSFET is on; 

said input circuit means providing a high pulse signal 
as the active input signal for turning on said ?rst 
and second control transistor means and selectively 
providing a low signal as the inactive input signal 
for turning off said second control transistor means 
with a stair step ramp; 

third unidirectional means electrically connected 
between the gate of said power MOSFET and said 
second control transistor means for preventing 
feed of said pulse signal to the gate of said power 
MOSFET; and 

said ?rst control transistor means being parallel con 
nected to said second unidirectional means, said 
second control transistor means and said third uni 
directional means. 

26. The circuit according to claim 25, completely 
formed as an integrated circuit on a single substrate 
except for said input circuit means. 

27. The circuit according to claim 26, further includ 
ing a zener diode between the output terminal means 
and the control terminal of said ?rst control transistor 
means and a zener diode between the output terminal 
means and the control terminal of said second control 
transistor means for preventing destruction of said ?rst 
and second control transistor means by the breakdown 
voltage of the zener diodes in the event that a turning 
off of the inductive load would pull the output terminal 
means voltage far below ground. 

28. The circuit according to claim 27, diode means 
operatively between the control terminal of said ?rst 
control transistor means and said input circuit means for 
preventing high voltage at said output terminal means 
from feeding current back. 

29. The circuit according to claim 28, further includ 
ing a resistor connected in parallel across said zener 
diode of said ?rst control transistor means for providing 
drain of control terminal voltage when said ?rst control 
transistor means is turned off. 

30. The circuit according to claim 25, further includ 
ing a zener diode between the output terminal means 
and the control terminal of said ?rst control transistor 
means and a zener diode between the output terminal 
means and the control terminal of said second control 
transistor means for preventing destruction of said ?rst 
and second control transistor means by the breakdown 
voltage of the zener diodes in the event that a turning 
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off of the inductive load would pull the output terminal 
means voltage far below ground. 

31. A high side load driving circuit, to be connected 
between a voltage source and a load, comprising: 

voltage external terminal means for connection to the 
voltage source; 

output terminal means for connection to the load; 
input terminal means for connection to a switching 

input signal; 
a ground‘external terminal means for connection to a 

ground common with the low side of the load; 
active internal circuit means operatively connected to 

said input terminal means, said output terminal 
means, said voltage external terminal means and 
said ground external terminal means for selectively 
connecting said voltage source at said voltage ex 
ternal terminal means to a high side of said load at 
said output terminal means in response to the 
switching input signal at said input terminal means, 
and having a power switching device having a 
switch output terminal connected to said output 
terminal means, a switch terminal connected to 
said voltage external terminal means, and a switch 
control terminal: 

a control device operatively connected to said input 
terminal means for receiving said switching input 
signal as a control voltage for selectively directly 
connecting the switch control terminal 'of said 
power switching device with the switch output 
terminal of said power switching device so that 
said switching input signal can be used to effec 
tively control the power switching device; 

a semiconductor unidirectional element connected 
between a circuit ground node and said ground 
external terminal means to conduct current from 
said circuit ground node to said ground external 
terminal means; 

a semiconductor unidirectional element connected 
between said circuit ground node and the switch 
output terminal of said power switching device for 
conducting current from said circuit ground node 
to said switch output terminal of said power 
switching device; and 

means, including said semiconductor unidirectional 
elements, for increasing the dynamic voltage range 
of said output terminal means by permitting the 
circuit ground node to follow the potential at said 
output terminal means dropping below ground 
potential applied at said ground external terminal 
means. 

32. The circuit according to claim 31, wherein said 
switching device is a source follower power MOSFET. 

33. The circuit according to claim 32, constructed 
entirely as an integrated circuit on a single substrate, 
with the drain of said power MOSFET being the sub 
strate and the voltage external terminal means being 
directly connected to said substrate. 

34. An integrated driving circuit having a ?rst exter 
nal terminal for receiving a ?rst supply voltage, a sec 
ond external terminal for receiving a second supply 
voltage lower than the ?rst supply voltage, a third ex 
ternal terminal for receiving an externally generated 
input signal and a fourth external terminal for providing 
an internally generated output signal, the integrated 
driving circuit being for use with 

an inductive load coupled to the fourth external ter 
minal to receive the internally generated output 
signal and coupled to receive the second supply 

20 

25 

35 

40 

45 

50 

55 

65 

18 
voltage, the inductive load generating counter 
electromotive force therein when an operation 
state of the inductive load is changed from an on 
state to an off-state in response to the internally 
generated output signal, and 

means coupled to the fourth external terminal for 
releasing energy of the counter electromotive force 
in the inductive load when the operation state of 
the inductive load is changed from the on-state to 
the off-state, ' 

the integrated driving circuit comprising: 
a power MOSFET having a source-drain path cou 

pled between the ?rst and fourth external terminals 
and a gate; 

a control circuit coupled to the third external termi 
nal and the gate of the power MOSFET for driving 
the power MOSFET in response to the externally 
generated input signal, the control circuit having a 
?rst node coupled to the ?rst external terminal and 
a second node; 

?rst diode means, coupled between the second exter 
nal terminal and the second node, for transmitting ‘ 
a current from the second node to the second exter 
nal terminal when the ?rst diode means is turned 
on; and 

second diode means, coupled between the second 
node and the fourth external terminal, for transmit 
ting a current from the second node to the fourth 
external terminal when the second diode means is 
turned on. V 

35. The integrated driving circuit according to claim 
34, wherein the power MOSFET is of an n-channel, 
wherein the second supply voltages is at a ground po 
tential, and wherein a potential on the fourth external 
terminal becomes a negative potential lower than the 
ground potential when the counter electromotive force 
is generated. 

36. A switching system comprising: 
an integrated driving circuit including: 
a ?rst external terminal for receiving a first supply 

voltage; 
a second external terminal for receiving a second 

supply voltage lower than the ?rst supply voltage; 
a third external terminal for receiving an input signal; 
a fourth external terminal for providing an output 

signal; 
a power MOSFET coupled to have a source-drain 

path coupled between the ?rst and fourth external 
terminals and a gate; 

a control circuit coupled to the third external termi 
nal and the gate of the power MOSFET for driving 
the power 'MOSFET in response to the input sig 
nal, the control circuit having a ?rst node coupled 
to the ?rst external terminal and a second node; 

?rst di'ode means, coupled between the second exter 
nal terminal and the second node, for transmitting 
a current from the second node to the second exter 
nal terminal when the ?rst diode means is turned 
on, and 

second diode means, coupled between the second 
node and the fourth external terminal, for transmit 
ting a current from the second node to the fourth 

. external terminal when the second diode means is 
turned on, 

an inductive load coupled to the fourth external ter 
minal for receiving the output signal and coupled 
to receive the second supply voltage, the inductive 
load generating counter electromotive force 
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therein when an operation state of the inductive 
vload is changed from an on-state to an off-state in 
response to the output signal: and 

means coupled to the fourth external terminal for 
releasing energy of the counter electromotive force 
in the inductive load when the operation state of 
the inductive load is changed from the on-state to 
the off-state. 

37. The switching system according to claim 36, 
wherein the power MOSFET is of an n-channel, 
wherein the second supply voltage is at a ground poten 
tial, and wherein a potential on the fourth external ter 
minal becomes a negative potential lower than the 
ground potential when the counter electromotive force 
is generated. 

38. The switching system according to claim 36, 
wherein the inductive load includes one ofa motor and 
a solenoid. 

39. The switching system according to claim 36, 
wherein the inductive load includes a solenoid em 
ployed for an electronic fuel injection in an automobile. 

40. The circuit according to claim 1, further compris 
ing means, including said unidirectional elements, for 
increasing the dynamic voltage range of said at least one 
of said input and output terminals by permitting the 
internal circuit ground potential node to follow the 
potential at said at least one of said input and output 
terminals dropping below ground potential applied at 
said ground external terminal. 

41. A circuit for providing high side driving of an 
inductive load. comprising: 

output terminal means for connection to the high 
voltage side of an inductive load; 

input circuit means providing a control voltage input 
signal in active on, inactive off form; 

supply voltage input terminal means for connection 
to an external supply voltage; 

ground terminal means for connection to an external 
ground; 

a power MOSFET having its drain connected to said 
supply voltage input terminal means and its source 
connected to said output terminal means, and hav 
ing a gate; 

?rst unidirectional means connected between said 
ground terminal means and an internal ground 
node. connected to transmit current from the inter 
nal ground node to the ground terminal means; 

?rst control transistor means connected across said 
gate and source of said power MOSFET and hav 
ing a control terminal, and operatively connected 
for providing suf?cient voltage for said power 
MOSFET gate to turn on when said ?rst control 
transistor means is turned off and reducing the 
voltage at the power MOSFET gate sufficiently to 
turn off said power MOSFET when said ?rst con 
trol transistor means is-on; 

second control transistor means operatively con 
nected between said internal ground node and said 
power MOSFET gate and having a control termi 
nal and for turning on and thereby turning off said 
power MOSFET and thereby suf?ciently reducing 
the voltage at the source of said power MOSFET 
that said ?rst control transistor means can turn on 
in response to said input signal; 

said input circuit means supplying the input signal to 
the control terminal of each of said ?rst and second 
control transistor means at a voltage substantially 
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lower than the source voltage of said power MOS 
FET when said power MOSFET is on: 

said input circuit means providing a high pulse signal 
as the active input signal for turning on said ?rst 
and second control transistor means and selectively 
providing a low signal as the inactive input signal 
for turning off said second control transistor means 
with a stair step ramp; 

second unidirectional means electrically connected 
between the gate of said power MOSFET and said 
second control transistor means for preventing 
feed of said pulse signal to the gate of said power 
MOSFET; and 

said ?rst control transistor means being parallel con 
nected to said second control transistor means and 
said second unidirectional means. 

42. The circuit according to claim 41, completely 
formed as an integrated circuit on a single substrate 
except for said input circuit means. 

43. The circuit according to claim 42, further includ 
ing a zener diode between the output terminal means 
and the control terminal of said ?rst control transistor 
means and a zener diode between the output terminal 
means and the control terminal of said second control 
transistor means for preventing destruction of said ?rst 
and second control transistor means by the breakdown 
voltage of the zener diodes in the event that a turning 
off of the inductive load would pull the output terminal 
means voltage far below ground. 

44. The circuit according to claim 43, diode means 
operatively between the control terminal of said ?rst 
control transistor means and said input circuit means for 
preventing high voltage at said input circuit means from 
feeding current back. 

45. The circuit according to claim 44, further includ 
ing a resistor connected in parallel across said zener 
diode of said ?rst control transistor means for providing 
drain of control terminal voltage when said first control 

' transistor means is turned off. 

46. The circuit according to claim 41, further includ 
ing a zener diode between the output terminal means 
and the control terminal of said ?rst control transistor 
means and a zener diode between the output terminal 
means and the control terminal of said second control 
transistor means for preventing destruction of said ?rst 
and second control transistor means by the breakdown 
voltage of the zener diodes in the event that a turning 
off of the inductive load would pull the output terminal 
means voltage far below ground. 

47. A semiconductor integrated circuit device for 
driving an inductive load, the semiconductor integrated 
circuit device, comprising the following elements: 

a semiconductor substrate; 
a ?rst terminal for receiving a ?rst supply voltage; _ 
a second terminal for receiving a second supply volt 

age lower than the ?rst supply voltage; 
an input terminal for receiving an input signal; 
an output terminal to which the inductive load is to 

be coupled; 
an output transistor having an on state and an off state 

and a control terminal, the output transistor having 
a current path coupled between the ?rst terminal 
and the output terminal so that the inductive load 
generates counter electromotive force therein 
when an operation state of the output transistor 
changes from the on state to the off state; 

a control circuit coupled to the input terminal and 
responsive to the input signal on the input terminal 
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for providing a driving signal to the control termi 
nal of the output transistor, and the control circuit 
further having a ?rst node coupled to the ?rst 
terminal and a second node; 

?rst means for coupling the second node to the sec 
ond terminal when the ?rst and second terminals 
receive the ?rst and second supply voltages, re 
spectively, and uncoupling the second node to the 
second terminal when the ?rst and second termi 
nals receive the second the ?rst supply voltages, 
respectively; 

second means coupled to the output- terminal for 
feeding a voltage on the output terminal to the 
control terminal of the output transistor when the 
inductive load is generating the counter electromo 
tive force therein, and for thereby maintaining a 
voltage across the output terminal and the control 
terminal of the output transistor suf?cient for main 
taining the off state of the output transistor during 
the generation of the counter electromotive force 
by the load; 

said ?rst and second means increasing the dynamic 
voltage range of said output terminal by permitting 
the control terminal to follow the potential at the 
output terminal dropping below the second supply 
voltage at the second terminal; and 

all of the elements being formed on the semiconduc 
tor substrate. 

48. The semiconductor integrated circuit device ac 
cording to claim 47, wherein the output transistor is an 
N channel power MOSFET, wherein the current path 
of the output transistor is a source-drain path of the 
power MOSFET, and wherein the control terminal of 
the output transistor is a gate of the power MOSFET. 

49. The semiconductor integrated circuit device ac 
cording to claim 48, wherein the ?rst means is a diode. 

50. The semiconductor integrated circuit device ac 
cording to claim 49, wherein the semiconductor sub 
strate includes an isolation region in which the diode is 
formed, and wherein the second node is constructed of 
the isolation region. 

51, The semiconductor integrated circuit device ac 
cording to claim 48, wherein the second means is a 
diode. 

S2. The semiconductor integrated circuit device ac 
cording to claim 48, wherein the ?rst means is a ?rst 
diode, and wherein the second means is a second diode. 

53. The semiconductor integrated circuit device, 
according to claim 52, wherein the semiconductor sub 
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strate includes an isolation region in which the ?rst and 
second diodes are formed in isolation from each other, 
and wherein the second node is constructed of the isola 
tion region. ' 

54. A semiconductor integrated circuit device, com 
prising: 

a semiconductor substrate; 
a ?rst terminal for receiving a ?rst supply voltage: 
a second terminal for receiving a second supply volt 

age lower than the ?rst supply voltage; 
an input terminal for receiving an input signal; 
an output terminal to which an inductive load is to be 

coupled; 
an internal active circuit coupled to the input termi 

nal and responsive to the input signal on the input 
terminal for providing an output signal to the out 
put terminal, the internal active circuit further 
having an output transistor with a control terminal, 
a ?rst node coupled to the ?rst terminal and a sec 
ond node; 

means for coupling the second node to the second 
terminal when the ?rst and second terminals re 
ceive the ?rst and second supply voltages, respec 
tively, uncoupling the second node to the second 
terminal when the ?rst and-second terminals re 
ceive the second and ?rst supply voltages, respec 
tively, and increasing the dynamic voltage range of 
said control terminal by permitting the control 
terminal to follow the potential at the output termi 
nal dropping below the second supply voltage at 
said second terminal: and 

the semiconductor substrate including an isolation 
region in which the means for coupling is formed; 
and 

wherein the second node is constructed of the isola 
tion region; and 

all of the elements being on the one semiconductor 
substrate. 

55. The semiconductor integrated circuit device ac 
cording to claim 54, further including: 

second means coupled to the output terminal for 
feeding a voltage on the output terminal to the 
control terminal of the output transistor when the 
inductive load is generating a counter electromo 
tive force therein, so that the off state of the output 
transistor continues for the generation of the 
counter electromotive force. 
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